ABSTRACT: Using a panel of eight monoclonal antibodies directed against the G. F and NP proteins of respiratory syncytial virus, 167 virus isolates from nasopharyngeal washing cultures at British Columbia Children's Hospital during two consecutive epidemics were subgrouped. Slides made and frozen at the time of virus isolation or prepared from recovered frozen passage material, were assayed by indirect immunofluorescence. Of 85 strains tested in 1987-88. 54 (64%) were subgroup A, and 31 (36%) subgroup B. By contrast. of
R ESPIRATORY SYNCYTIAL VlRUS (RSV) IS A MAJOR
cause of upper and lower respiratory tract infections in the pediatric patient population. Studies ofRSVpathogenesis and epidemiology are becoming increasingly important due to the introduction of antiviral agents s u ch as ribavirin for treatment of severe RSV infections in infants and young children. The development of monoclonal antibodies to RSV has permitted identification of two major subgroups (A and B) (l-3). Retro-spective studies on stored laboratory isolates in centres in Europe and the United States have shown that both subgroups circulate in the community and are usually both present in any one epidemic (4) (5) (6) (7) (8) . Heterogeneity within both subgroups has been described (9,10), but the b road division is still accepted. What is less clear from studies so far is whether there is a difference in virulence between the subgroups . Tayler and colleagues in Newcastle (11) found that type A occurred in younger infants and illness was more severe, judging by the need for respiratory and nutritional support. No such difference was seen in a five year study in West Virginia (4) . The purpose of the present study was to elucidate the local epidemiology of RSV infection in British Columbia. Using monoclonal antibodies directed against the major structural proteins of RSV (glycoprotein [G), fusion protein [F] and nucleoprotein [NP] ) and indirect immunofluorescence, 167 RSV isolates from pediatric patients during two consecutive epidemics were subtyped and a limited retrospective chart review performed to document disease severity.
MATERIALS AND METHODS
Specime n colle ction: Nasopharyngeal washings were obtained by the insWlation and immediate recovery of 0.5 to 1 mL of sterile saline through a baby feeding catheter, which was inserted into the nasopharynx via one nostril. Specimens were transferred to a sterile container which was immediately brought to the laboratory for culture by hand (5 mins transportation time) . Cells: Primary Rhesus monkey kidney cells (Connaught Diagnostics) were maintained in Eagle's minimum essential medium, supplemented with 100 iu of penicillin and 100 )lg of streptomycin per mL. HEp-2-epidermoid carcinoma cells and MRC-5-human lung diploid fibroblasts (Bartels Immunodiagnostic Supplies. Washington) were maintained in Eagle's minimum essential medium as above with the addition of fetal calf serum concentrations of 1 and 3%, respectively. Virus culture and preparation of slides: One millilitre of the fresh specimen was added to two tubes of each cell type and incubated at 35°C overnight on a stationary rack. After 16 to 20 h incubation, the medium was changed and the cultures transferred to a roller drum where they were maintained for 14 days. RSV was detected by its typical cytopathic effect, which was noted on average five to 10 days post inoculation, and at this time cells were washed and scraped down in buffered phosphate saline. A drop of cell suspension was added to each well of a 10 well microscopy slide, which was air dried and fixed in acetone. Slides were stored at -70°C until used . For the 1987-88 season, slides were made in conjunction with a positive culture result. For the 1988-89 season, virus was recovered from reculturing the first passage of the original positive culture and subsequent immunofluorescence assay slide preparation. Monoclonal antibod i e s a nd immunofluorescence ass ay: The monoclonal antibodies used were prepared against a member of subgroup B, RS WV4843, and characterized as previously described (12, 13) . They represented specificities for the glycoprotein G. fusion glycoprotein F and the NP protein. Their known epitope specificities and reactivities for subgroups A and Bare shown in Table 1 . The monoclonal antibodies were stored at -70°C in aliquots and thawed just prior to use. For immunofluorescence assay, each of eight wells on a 10 well slide was incubated for 20 mins at 37°C with 20 )lL of monoclonal antibodies diluted 1 in 20 in buffered phosphate saline with 1% Pearson's x 2 test was used for assessing the difference in sex ratio and the difference in the proportion with severe disease (two or more of the following parameters applied: supplemental oxygen; pneumonia on chest x-ray; ventilation required; ribavirin therapy) between the two sub- The data for both seasons were pooled and the median test employed to compare the age and length of stay distlibutions for the two RSV subgroups.
RESULTS
The two seasons studied showed diffeling RSV subgroup prevalences. In 1987-88. of 85 isolates tested, 54 (64%) were subgroup A and 31 (36%) subgroup B. In contrast, duling the winter of 1988-89. 77 of 82 isolates subgrouped (94%) were subgroup Band five of 82 (6%) subgroup A ( Figure  1 ). Duling both seasons, there were more male children affected: 1987-88, 49 of 85 male (58%), 36 of 85 female (42%); 1988-89, 55 of 82 male (67%). 27 of 82 female (33%); but there was no significant difference in the sex ratio between the subgroups (X1 2 = 1.33. P=0.25).
The seasonal vaiiations of subgroups by month are shown in Figures 1 and 2 . The peak lisk was in January to March for both subgroups. Subgroups for both seasons are plotted against age in Duling both seasons, there was a relative sparing of one-month-old infants and only one patient during the two seasons younger than one month (three weeks) (Figure 2 ). Seventeen per cent of the cases in 1987-88 were older than one year. and are all represented in one bar per subgroup. The age range in this group was 12 months to 18 years with a median age of 19 months. Thirty-three per cent of patients duling 1988-89 were older than one year (range 12 months to 9.5 years). These are all represented in one bar, with a median age of26 months in Figure 2 . There was a significant difference between attack rate of the two subtypes with regard to age, with subgroup A infecting a significantly lar:fer number of young children than subgroup B (XJ =3.91, P=0.048) (Figure 2 ).
Further analysis of the results for 1987-88 only was made by a retrospective, limited review of patient charts in an attempt to detect any obvious differences in illness severity according to subgroup. When the requirements for two or more of the following parameters were compared (supplemental oxygen, ventilation and ribavirin therapy, duration of hospital stay and presence of pneumonia on chest x-ray). ther e were no significant differences ( 
DISCUSSION
RSV infection is a major cause of hospitalization of infants and young children in the Western world (14) and imposes a substantial burden on hospital beds and isolation resources during each winter-spring epidemic. The risk of severe RSV infection is dependent on a multitude of factors including age, host immunity and underlying respiratory or cardiac disease, as well as route and duration of exposure (15) .
A common diagnostic method for RSV disease is direct detection of the antigen by ELISA or immunofluorescence assay ( 15) . The commercially available direct detection assays use type common antibodies which do not allow distinction of subgroups A and B. With the introduction of monoclonal antibodies to a variety of RSV proteins. a new tool was provided for the study of this important virus. Is subgrouping of the virus by monoclonal antibodies only of value in epidemiology and basic virology studies or can it be used effectively to help with infection control policies and/or as a clinical predictor? In order to be of use with hospital infection control practices , one would need to know whether cross-immunity develops to different subgroup infections. This question has been addressed by Mufson and colleagues (16) . who found that infection with subgroup A strains provided stronger protection from a second infection with the homologous but not the heterologous subgroup . It would also be necessary to perform rapid s u bgroup diagnosis of nasopharyngeal washings directly on admission. rather than on culture isolates. and this would add a considerable workload to the laboratory. In order to be used as a clinical predictor there would have to be an established consistent difference in disease severity between infections by different subgroups. In two large series to date. subgroup A infection appears more severe ( 11, 1 7) . The authors' limited, retrospective chart review failed to show any such difference. in concordance with the findings of Mufson et al (4) . However, the present study did show that there was a greater risk for young children to be infected by subgroup A than subgroup B. At this point, it is not possible to say whether this difference would justify routine subgroup analysis of specimen s. s ince there was no difference in d isease severity. Th is observation may be of importance in estimating the risk of nosocomial infection of RSV in nurseries .
In the authors' analysis using monoclonal antibody subgrouping, there was a striking difference between the two years studied in terms of differing subgroup distribution. The pattern seen for 1987-88 is in accordance with other studies with both subgroups present but a slight predominance of subgroup A (2,3 , 12.13) . The 1988-89 season was quite different in being almost exclusively subgroup B. This is a pattern that has recently been described for the 1986-87 season in greater Boston where 89% of isolates were type B (7). One explanation of the present 1988-89 result could have been that the A subgroup failed to grow from frozen passage material, but this seems unlikely for two reasons. First. no difference was observed in cell susceptibility and isolation time between the subtypes. and in the rare instance where virus recovery was a problem. this appeared related to the cell batch used, success sometimes being achieved by further passage or repeat isolation using a different cell batch. Second . other workers have stated that the B subgroup is the one that replicates more slowly in cell culture. making it unlikely that A would consistently fail to grow (10). Another possible explanation for the appearance of the subgroup B epidemic might be that immunity to subgroup A had gradually built up in the population, allowing spread of subgroup B but not A. The present study showed that only three of 167 (2%) one-month-old or younger infants had positive isolates. This is interesting. since one theory for severe RSV d isease in young infants has been immunocomplex formation with circulating maternal antibodies ( 15) . If babies older than one month are more prone to become infected than younger infants, it is unlikely that immune complexes are involved in the pathogenesis of infantile RSV infection. a concept which supports a protective role of maternal antibodies. previously suggested by Parrot et al (18) . This report is. to the authors' knowledge , the first RSV subgroup analysis in Canada, and although contrasting subgroup distribution was found with overwhelming predominance of type B RSV in one season and a higher incidence of subgroup A infection in young age groups, a difference in illness severity in patients infected with the two subgroups was not demonstrated . Therefore. further epidemiological studies are needed to determine the use of routine monoclonal antibody RSV · subgrouping in the clinical virology laboratory.
